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In these lectures we discuss the basic physics of fluid dynamics turbulence from Kolmogorov theory for the energy 
cascade to the multifractal formalism, in both Eulerian and Lagrangian frameworks. Turbulence in non-homogenous 
and non-isotropic settings is also briefly discussed. The course integrates theoretical foundations with hands-on data 
analysis and computational exercises to develop solid understanding of turbulence physics. No prior knowledge of 
turbulence is required.  
 
Lecture 1: From Dynamical Systems to Multifractals             
Introduce the connection between dynamical systems and turbulence. 
Discuss the logistic map as a prototype for chaos, explaining fixed points, bifurcations, and routes to 
chaos. 
Define and illustrate Lyapunov exponents as measures of predictability. 
Present the concept of attractors, fractals, and multifractals. 
 
Lecture 2: Phenomenology of Homogeneous and Isotropic Turbulence 
Provide an overview of Kolmogorov’s 1941 (K41) theory, focusing on universality, the energy cascade, 
and self-similarity. 
Discuss experimental evidence for K41 scaling and the need for refinement—introduce intermittency, 
anomalous scaling, and corrections to K41. 
Refined Kolmogorov Similarity Hypothesis (RKSH) and the multifractal model for turbulence. 
Extended Self Similarity (ESS) as a tool for extracting scaling exponents in turbulence. 
 
Lecture 3: Shell Models for Turbulence 
Shell models as simplified, yet insightful, tools for studying turbulent energy transfer. 
Review the basic structure of shell models (e.g., GOY, Sabra): equations and physical interpretation. 
Explain how these models reproduce key statistical features of turbulence, including scaling and 
intermittency. 
 
Lecture 4: Non-Isotropic Turbulence 
Motivate the need to study anisotropic turbulence (deviations from isotropy in real flows). 
Introduce key measures of anisotropy (structure function decompositions via SO(3), anisotropic scaling 
exponents). 
Some real-world examples: shear flows, boundary layers, rotating and stratified turbulence. 
Discuss experimental and numerical strategies to quantify and analyze anisotropic effects. 
 
Lecture 5: Lagrangian Turbulence 
Transition from an Eulerian viewpoint to a Lagrangian perspective on turbulent flows via bridge relations. 
Explore the multifractal formalism as applied to Lagrangian observables (acceleration statistics, 
dispersion, etc). 
Lagrangian particles and their statistical behavior. 
Briefly discuss modern measurement techniques (e.g., particle tracking velocimetry) and recent findings, 
including open questions. 
 
For an additional introduction to recent development in turbulence research we refer to Benzi, R., 
& Toschi, F. (2023). Lectures on turbulence. Physics reports, 1021, 1-106.  


